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THIN-WALLED, LIGHTWEIGHT COOLED TURBINE BLADE 
BACKGROUND OF THE INVENTION 

5 

Technical Field of the Invention 

The present invention relates to a cooled turbine 
blade provided with a film cooling hole to form a thin film 
of cooling air on the surface of a turbine member • 

10 

Description of the Related Art 

Fig. 1 is a typical structural view of a turbo jet 
engine provided with an air intake 1, a compressor 2, a 
combustor 3, a gas turbine 4, an after-burner 5, and a jet 

15 nozzle 6. In this turbo jet engine, air is introduced from 
the air intake 1 and is compressed in the compressor 2; and, 
in the combustor 3, fuel is fired to produce a high- 
temperature combustion gas, the gas turbine 4 is driven by 
the produced combustion gas, compressor 2 is driven by this 

20 gas turbine 4, the after-burner 5 burns the fuel again using 
an exhaust gas from the turbine, the high-temperature fuel 
exhaust gas is expanded in the jet nozzle 6 and jetted out 
backwards, thus a thrust is generated. This configuration is 
same in a jet engine other than the turbo jet engine. 

25 It is known in the prior art that with the 

aforementioned jet engine or any other gas turbine, a higher 
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turbine inlet temperature can be applied by cooling the 
turbine blade of the gas turbine, thereby the performance of 
the gas turbine can be improved. Consequently, in addition 
to conventional convection cooling, impinge cooling, film 
cooling, transpiration cooling, or any other cooling means 
are provided to cool the turbine blades. 

Fig. 2 is a sectional view showing an example of a 
conventional cooling turbine blade. In this example, a 
cooling air flow passage is provided in the interior of a 
turbine blade 4a, the cooling air that passes through this 
cooling air passage, impinge-cools the inner surface of the 
turbine blade 4a and blows out through air cooling holes 7 
(film cooling holes) disposed on the back and belly sides of 
the turbine blade 4a and forms a thin film of cooling air on 
the surface of the turbine blade 4a, thus the air cools the 
film (for an example, see Patent Literature 1). 

In this application, the back side means a suction 
side of a blade, and the belly side means a pressure side 
thereof. 
20 [Patent Literature 1] 

Unexamined Japanese patent publication No. 28203, 1996 

The turbine blade rotates at a high speed, and the 
higher the speed, the more efficiently the blade generates 
power. However, the rotating speed is limited by the 
25 strength of the turbine disk that supports the blade. That 
is, most of the power applied to the disk comes from a 



15 




centrifugal force acting on the rotating turbine blade, so 
eventually the total weight of the turbine blade determines 
a limit of rotating speed. Therefore, the lighter the weight 
of the turbine blade is, the more advantageous it is. 
5 However, because a means for cooling the turbine blade must 
be provided, a passage has to be provided to pass cooling 
air inside the blade. Therefore, the turbine blade should 
have a predetermined thickness. Consequently, the weight of 
the blade has necessarily been increased. In addition, to 
10 have good aerodynamic performance, it is required to have a 
large difference in flow speed between the back and belly 
sides of the turbine blade. That is, a considerable 
thickness must be provided. Therefore, it is difficult to 
develop a light, thin-walled turbine blade. 
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SUMMARY OF THE INVENTION 



The present invention aims to solve the above- 
mentioned problems. In other words, the purpose of the 
20 present invention is to provide a thin-walled, lightweight, 
and cooled turbine blade by reducing the weight of the 
turbine blade and increasing a rotating speed of the turbine, 
so that the performance of the gas turbine can be improved. 
The present invention provides a thin-walled, 
25 lightweight, and cooled turbine blade composed of a front 
blade portion (10a) that configures the front portion of a 
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blade (10), which is composed of a front blade cooling air 
passage {12a) to pass cooling air and front film cooling 
holes (7a) for blowing out the cooling air introduced into 
the aforementioned front cooling air passage (12a) out to 
5 the back and belly sides of the above-mentioned blade (10), 
a rear blade portion (10b) constituting the rear portion of 
the above-mentioned blade (10), and a solid middle blade 
portion (10c) that is located between the above-mentioned 
front blade portion and the rear blade portion and 
10 constitutes an intermediate portion of the aforementioned 
blade (10); the belly side of the above-mentioned middle 
blade portion (10c) forms a recess portion towards the back 
side; a high-temperature gas flowing on the belly side of 
the above-mentioned blade (10) branches once at the front 
15 edge portion towards the rear edge portion and the belly 
portion, while being separated, and then these separated 
high-temperature gas flows are merged again at the rear edge 
portion, thereby forming a separation region (S) . 

According to the thin-walled light cooled turbine 
20 blade of the present invention, because middle blade portion 
(10c) and rear blade portion (10b) can be structured with 
thin walls and solid structure, the weight of the turbine 
blade can be reduced and the rotating speed of the turbine 
can be increased, thus the performance of the gas turbine 
25 can be improved. 

According to a preferred embodiment of the present 



invention, the aforementioned rear blade portion (10b) is 
provided with in the interior thereof, a rear cooling air 
passage (12b) for passing cooling air, and rear film cooling 
holes (7b) that blow out the cooling air introduced into the 
5 above-mentioned rear cooling air passage (12b) out to the 
back and belly sides of the above-mentioned blade (10) . 

Thus, because the rear edge portion is film-cooled by 
the cooling air blown out of the rear film cooling holes 
(7b), the cooling performance of the rear edge portion can 

10 be improved. 

Either or both of the aforementioned middle blade 
portion (10c) or/and the above-mentioned rear blade portion 
(10b) is or are provided with communication holes (8) that 
supply part of the cooling air blown out of the 

15 aforementioned front film cooling holes (7a) to the back 
side of the above-mentioned blade (10) from the belly side 
thereof. 

As a result of the above, the back side of blade (10) 
can be film-cooled by the cooling air blown out of 
20 communication holes (8), so the cooling performance of the 
back side of blade (10) can be improved. 

As means of cooling the turbine blade, there are the 
aforementioned means of cooling air into the blade interior, 
and means of blowing out cooling air onto the blade surface 
25 for film-cooling. For cooling the rear end portion of the 
blade, where a satisfactory blade thickness cannot be 



provided, the blowing out air from slot-shaped cooling holes 
is most effective. Because it is expected that the blade can 
be cooled by film cooling even if the blade is composed of a 
solid, thin-walled structure, instead of a hollow, structure. 

Also, due to the need to assure a predetermined blade 
thickness in view of aerodynamics as mentioned above, the 
inventor invented a thin-walled, lightweight cooled turbine 
blade by making the blade thickness of the section where 
there are two isolated air flows much thinner than 
conventional blade thickness, thereby realizing a lighter 
structure than before. It is based on the fact that at the 
belly side of the front edge portion of the blade, a high- 
temperature gas flow is separated once and merged again at 
the rear edge portion, the section with isolated flows can 
be assumed to have a similar flow potential as a thick- 
walled blade shape, as revealed by a recent study, aiming at 
solving the above-mentioned problems. 

Consequently, according to the present invention as 
mentioned above, part or most of the turbine blade can be 
made with a thin-walled, solid structure, thus the weight of 
the blade can be reduced, and as the rotation speed of the 
turbine can be improved, the performance of the gas turbine 

can be improved. 

Other objects and advantages of the present invention 
are revealed by the following description referring to the 
attached drawings. 
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RRTEF DF-'^r.RTPTIQM OF DRAWINGS 
Fig. 1 is a typical structural view of a turbo jet 
engine. 

5 Fig. 2 is a typical sectional view of a conventional 

turbine blade. 

Fig. 3 is a typical sectional view showing the first 
embodiment of a turbine blade according to the present 
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invention. 

Fig. 4 is a typical sectional view showing the second 
embodiment of a turbine blade according to the present 



invention. 



nF.SCRTPTION OF PREFF.RRF.D EMBO DTMENTS 
Embodiments of the present invention are described 
below referring to the drawings. In each drawing, the same 
numbers are used throughout for common portions. 

Fig. 3 is a typical sectional view of the thin-walled 
lightweight cooled turbine blade according to the first 
20 embodiment of the present invention. 

The thin-walled lightweight cooled turbine blade 10 
comprising a front blade portion 10a constituting a front 
portion of the blade 10, a rear blade portion 10b 
constituting a rear portion of the blade, and a middle blade 
25 portion 10c located between the front blade portion and the 
rear blade portion and constituting an intermediate portion 
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Of the blade 10. 

The front blade portion 10a comprised of a front 
cooling air passage 12a that passes cooling air and front 
film cooling holes 7a for blowing out the cooling air 
5 introduced into this front cooling air passage 12a, out to 
the back and belly sides of blade 10. 

The middle blade portion 10c is a solid structure. 
At the blade portion of this thin-walled solid 
structure, there are a plurality of communication holes 8 
10 for supplying part of cooling air blown out of the front 

film cooling holes 7a, to the back side from the belly side 
of blade 10. 

In this embodiment, although the front cooling air 
passage 12a is composed of three air passages, the number 
15 can be changed appropriately. A plurality of front film 
cooling holes 7a are provided at the front edge portion, 
back side, and belly side. 

The belly side of blade 10 is shaped such that the 
belly side of a conventional turbine blade 4a shown in Fig. 
20 2 is cut away. That is, the belly side of the middle blade 
portion 10c is formed in a recess portion S towards the back 
side, and is thin-walled. By means of such a shape, high- 
temperature gas entering from a combustor is separated once 
into the direction of the rear edge portion 10b and the 
25 portion along the belly side, at the belly side of the front 
edge portion 10a of the turbine blade 10, thereby gas flows 
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are isolated once and merged again at the belly side of the 
rear edge portion 10b. In the region where these flows are 
isolated (separation region S) , a flow potential can be 
achieved that is the same as a thick-walled blade shape. 
5 Therefore, in a section where there are isolated flows 

of high- temperature gas, the conventional thick-walled blade 
shape is no longer required, so the blade can be made much 
thinner than a conventional blade, thus a maximum of about 
50% of weight can be reduced. Furthermore, when the weight 
10 of a turbine blade is reduced by 50%, assuming that the 

rotating speed of the turbine can be raised until the same 
centrifugal force as with the 100% weight acts on the 
turbine disk, the rotating speed of the turbine can be 
increased by 40% from conventional speeds, so the work done 
15 by the turbine can also be increased by the same ratio. 

On the other hand, if the weight of the turbine blade 
is reduced by 50% and the rotating speed is maintained, the 
centrifugal force acting on the turbine disk that supports 
the blade is halved, so the weight of the turbine disk can 
20 also be reduced by one half. Consequently, the weights of 
the turbine disk supporting shaft and the shaft-supporting 
case can also be reduced. 

In either case, assuming constant work is done by the 
turbine, the weight of an aeronautical engine can be greatly 
25 reduced, so the weight of the airplane structure that 

supports the engine can also be reduced by several times. In 
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consequence, the total load of the airplane can be increased, 
and region S), running cost can be reduced. 

Futher, front film cooling holes 7a are provided at 
the front edge portion, belly side, and rear side, and film- 
cooling is carried out by cooling air blown out of these 
front film cooling holes 7a. In addition, part of the 
cooling air blown out of the front film cooling holes 7a 
provided at the belly side of the blade 10 is passed through 
communication holes 8. and is supplied from the belly side of 
the blade 10 to the rear side, thereby the rear side is 
film-cooled. In this way, the entire blade 10 can be film- 
cooled. 

Fig. 4 is a typical sectional view of the thin-walled 
light cooling turbine blade in the second embodiment of the 
present invention. The turbine blade 10 is composed of a 
front blade portion 10a, a rear blade portion 10b and a 
solid-structured middle blade portion 10c. 

The front blade portion 10a constitutes the front 
portion of the blade 10, which is composed of front blade 
portion cooling air flow passages 12a for passing cooling 
air in the interior thereof, front film cooling holes 7a for 
blowing the cooling air introduced into this front blade 
portion cooling air flow passages 12a out to the back and 
belly sides of blade 10. 

The solid-structured middle blade portion 10c is 
located between the front blade portion. 



The rear blade portion 10b constitutes an intermediate 
portion of blade 10. The rear blade portion 10b is provided 
in the interior thereof with rear cooling air passages 12b 
for passing the cooling air, and rear film cooling holes 7b 

5 for blowing the cooling air introduced into these blade 
portion cooling air passages 12b out to the back and belly 
sides of the blade 10. The middle blade portion 10c is 
composed in a solid, thin-walled structure, and is provided 
with a plurality of communication holes 8 for supplying part 

10 of the cooling air blown out of the front film cooling holes 
7a on the belly side of blade 10 to the belly and back sides 
of blade 10. The belly side of blade 10 forms a recess 
portion towards the back side. 

The present embodiment is a modification of the 

15 aforementioned first embodiment by providing rear cooling 
air passages 12b in the rear blade portion 10b of the thin- 
walled light cooling turbine blade. In addition in this 
configuration, high-temperature gas enters once from the 
combustor and branches in the directions of the rear edge 

20 portion and the belly side at the belly side of the front 
edge portion of the turbine blade, forming separate two 
flows that are merged again at the belly side of the rear 
edge portion. The region where these flows are separate from 
each other (separation region S) embodies the same flow 

25 potential as a thick-walled blade shape. Based on this 
configuration, the cooling performance at the rear edge 
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portion can be improved • 

The aforementioned configuration is inferior to the 
first embodiment in terms of light turbine blade. However, 
in view of the cooling performance of the turbine blade, the 

5 former is superior, so the present configuration 

satisfactorily provides film-cooling at the rear edge 
portion, while achieving a lighter turbine blade. 

In addition, according to the present embodiment, part 
of cooling air blown out of the front film cooling holes 7a 

10 provided on the belly side of the blade 10 is supplied to 
the back side from the belly side of blade 10 through 
communication holes 8, thereby the back side is film-cooled. 
Thus, the entire blade 10 can be film-cooled. 

The turbine blade according to the present invention 

15 should not be limited only to the above-mentioned 

illustrated examples, but can of course be modified or 
changed as far as the claims of the present invention are 
not exceeded. 

As described above, according to the turbine blade of 
20 the present invention, part or most of the turbine blade can 
be made with a thin-walled solid structure, thus the weight 
of the turbine blade can be reduced, the rotating speed of 
the turbine can be increased, and the performance of the gas 
turbine can be improved. 
25 The present invention has been explained using a 

number of preferred embodiments, however, it should be 
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understood that the scope of rights covered by the present 
invention is not limited only to these embodiments. 
Conversely, the scope of rights of the present invention 
should include all modifications, corrections, and 
equivalent entities in the scope of the attached claims* 



